the immune system. Hence, it is plausible that there may be small amounts of periodic reactivation, and this may lead to chronic pathological conditions. In fact, some of the herpes viruses have been associated with a wide variety of chronic diseases, although cause and effect has been harder to prove. Most evidence remains circumstantial, and definitive studies have not been performed. This is particularly true for HHV-6, which has been associated with a wide variety of unrelated neurological and systemic diseases. These include multiple sclerosis, epilepsy, chronic fatigue syndrome, autism, and mood disorders to name a few. See www.hhv-6foundation. org for a comprehensive list. This is further complicated by the fact that nearly 1% of the population has chromosomally integrated HHV-6, the clinical significance of which remains unclear [3] . And now HHV-6A and HHV-7 have been associated with AD [4, 5] , and HSV-1 and 2 have been associated with all types of dementias [1] . It is inconceivable that each of these viruses can cause so many distinct diseases. This is further complicated by the fact that besides these herpes viruses, a large number of other viruses, bacteria, and fungi have been associated with AD [6] [7] [8] . It is also inconceivable that so many diverse pathogens can all cause AD. So, could these associations then be epiphenomena? One possibility might be that these viruses and other pathogens get activated as a result of the immune dysregulation that underlies these diseases. However, the mere detection of these pathogens in disease states does not mean that they have a causative or pathophysiological role in the disease.
Readhead et al. [4] analyzed RNA and DNA sequencing data from a large number of patients with AD and found that there was increased expression of HHV-6A, HHV-6B, and HHV-7 in different regions of the brain, such that, in some regions, one or the other virus was expressed. The study lacks appropriate disease control brains. However, there was additional gene dysregulation that has been implicated in viral infections including a decrease of miR-155. In the APP/PS1 transgenic mice, knocking out miR-155 caused acceleration of amyloid plaque formation including amyloid oligomers. These findings were interpreted to suggest that these herpes viruses may promote amyloidogenesis, and the authors concluded that HHV-6A and HHV-7 play an important role in the development and progression of AD. While this may be an intriguing possibility, perturbation of gene expression levels is not the same as knocking out a gene; hence, the significance of these findings needs to be interpreted with caution. In an accompanying paper, Eimer et al. [5] showed that amyloid beta peptide oligomers bind to the herpesvirus surface glycoproteins, accelerating deposition of amyloid plaques, and protecting the brain by viral entrapment. These were determined in the 5XFAD mouse model of AD and 3D human neural cell cultures infected with HSV-1, HHV-6A, and HHV-6B. It would have been good to know if the same viral networks found in AD brains were perturbed in these models as well. As such, it seems a bit difficult to reconcile the findings from both papers. The first suggests that the acceleration of amyloidogenesis is indirectly mediated by herpes viruses through regulation of other genes and miRs, and that the dysregulation of viral networks might be detrimental. The second paper suggests that the viruses directly interact with amyloid beta peptides and get sequestered in the plaques and, hence, the phenomenon is protective to the brain. This is further complicated by the observation that a wide variety of substances have been shown to accelerate amyloid plaque formation, many of which have been implicated in AD. We showed that the Tat protein of the human immunodeficiency virus also has a similar effect [9] . Hence, the relative role of these viruses in mediating the pathology of AD is still unclear. Even if these viruses accelerate the amyloid pathology in the brain, the role of amyloid plaques in mediating AD itself is controversial. In another recent paper where HHV-6 A or HHV-6B was transmitted to marmosets, it caused multiple sclerosis like pathology by exacerbation of experimental allergic encephalomyelitis and not AD [10] .
So then how does the study from Taiwan by Tzeng et al. [1] claiming that antiherpetic therapy for cutaneous herpes can prevent AD and other forms of dementia including microvascular dementia fit into all of this. Despite the numerous caveats in this study [11] , even if one were to take the conclusions of this study at face value, the drugs used to treat HSV-1 and 2 have little or no effect on HHV-6A, HHV-6B, or HHV-7. Hence, the findings of this study by Tzeng et al. [1] do not support those of the other two studies by Readhead et al. [4] and Eimer et al. [5] . In conclusion, it is difficult to come up with a unifying hypothesis based on these studies which have further added to the confusion of the role of herpes viruses in AD.
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